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Example fl) 






LHS = [L] 

RHS = [LT' : ]*[T] 2 =[L] 
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Show that the expression 0-U D + a l is dimensionally correct 

LHS = [LT _1 ] 

RHS = [LT ] ] + [LT‘ 2 ][T]= [LT- 1 ] 

The equation is dimensionally correct. 

Example (3) 

Suppose we are told that the acceleration a oi a particle movi 

■ ■■Ini ■ P f\ 

r with uniform velocity 1} is proportional to some power of r. say r , 
sav \)"\ How can we determine the powers of r and li ? 

a = kr n D m 

LHS = [LT* 2 ] 

[L] [T' 2 ] = [L] n [LT' 1 ] m =[L]" +m [Tf ffl 

For [TJ; in = 2 

For [LJ; n + in = 1 n = — 1 



in a circle of radius 
and some power of D, 
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The mass in of the largest stone that can be moved by flowing stream, depends 

upon the stream velocity Ih the density of the fluid flowing p, and the acceleration due to 
gravity g. Show that m varies with the 6 tJj power of the velocity of flow ? 



m = k d j p b g £ 

[M] = [LT 1 ] 1 [M L'-y [LP] C = [M] b [L] J ’ 3b+c 





For [M]; 


b= 1 




For [L]; 


0 = a -3b + c 


a+c = 3 


For [T]; 


0 = - a - 2c 


a=- 2c 


So, 


c=-3 


a=6 



m = k i) pg’ 3 
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Example tS) 

The pn iofS (t) of a simple pendulum is the time lor one complete swing. How does 
(l) depends on the mass (in) of the hob. the length (£) of the string and gravitational (g)? 
i = k m a l b g c 

[T] = [M] 4 [if [LT' 2 ] £ = [M] a [Lf c [T]' 2c 
For [VI]; a = 0 

For [T]; 1 = - 2c c = - !4 

For [L]; 0 = b + c b = % 



x = k g r = k 
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prob(i) 

Show that Llie following equation is dimensionallv correct? 

X = U 0 1 + ‘/ 2 a i l 



LHS = [L] 

RHS = [LT -1 ] * [T] + [LT' 2 ] 4 [ I ] 2 = [L] 
RHS = LHS 



Prob (61 

Newton’s law of Gravitation motion F - (f M hi / r. where r is the distance 
between the parlioles. ft hat are the Si units of G V 

F = G nv m 2 / r 2 



[M L T' 2 ] = [G] [M] [VI] / [L 2 ] = [G] [M 2 ] [L* 2 ] 
[G] = [L 3 ] [M 1 ] [T- 2 ] 

Also: The unit of G is nWKg.s 2 
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1- The mattress of a water bed is 2.00 m long by 2.00 and 30.0 cm 
deep. 

(A) Find the weight of the water in the mattress. 

B) Find the pressure exerted by the water on the floor when the bed 
rests in its normal position. Assume that the entire lower surface of 
the bed makes contact with the floor. 

M = pV = {1 000 kg/m 3 ) {1.20 m 3 ) = 1.20 X 1 O 3 kg 

and its weight is 

o 

Mg = ( l .20 X 1 () 3 kg) (9.80 m/s 2 ) = 1 . 1 8 X 1 0 4 X 

B) When the bed is in its normal position, the area in contact with 
the floor is 4.00 m 2 ,thus. 



P= U8X1Q ) N = 2.95 X 10 3 Pa 



4.00 m 



2 
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Example 

The bar shown has a square cross section for which the depth 
and thickness are 

40 mm. If an axial force of 800 N is applied along the centroidal 
axis of the bar's cross sectional area, determine the average 
normal stress acting on the bar ? 




800 N 



800 N 




800 

(40*10“ 3 ) 2 



500 * 10 3 Pa 
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Example: 

A wire of length 120cm and diameter 0.82mm, supported from one end, A 
5.3kg in the other end . Find : 

• The stress in the wire 

• The strain in the wire 

• The strain energy where Y = 1.2x 10 12 dyne/cm 2 and g = OSOcm/sec 2 

q g 2 Solution 

r — — — — — 0.041 cm and m = 5.3xl0 3 gm 

20 



The Stress 

_F_ wg _ (5.3x1 0 3 )980 
~ A~ A ~ ;r(0.04l) 2 

The strain 

Stress 



Strain Energy = — (S tress ) {Strain) = 
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Example 2 ; 

A uniform wire of length 20cm density 0.78gm / cm 3 and mass 16gm stretched 
by a distance 1.2mm when 8kg is supported on it. Find : 

The stress in the wire 
Young's modulus 
The strain energy 
Solution 

Volume V = — = — = 2.05 cm ' * 
p 7.8 



But V=A . L 



V 2.05 . , 2 

.1= — = = 0. 1 fit) 

L 20 



Stress - F = m X = (8*t0-’) W _ 
A A 0.1 



dvne / cm 2 



But Stress = y 



AL 



Y = 



Stress . 20 



1.2x10 



-J 



dyne / enr 



Strain E/it'ijfy s-^( L S tress ) (iSTrain) s 
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Example : 

,4/i aluminum cylinder l Ocm long with cross-section a! of 20c nf is to he used as 
a spacer between steal walls. A.t 1 7.2" C it just slips in between the walls. 

Then it warms to 22.3° C. Calculate the stress in the cylinder and the total force 

■■■ 

it exerted on each wall and the strain energy . 

Where ( CZ = 2.4x10 K~' , V = 7xl0‘" 1 V / 111 3 ) 



Solution 



Stress 

Wjpi 

= — = Vet j*T=(7xW t *)(2.4xIG-*}(22.3- 1 7.2)= 8.6x10* N / m* 



The total force on each wall 

F — (a) (Srtfss)- (j20 x x gO*)= 1.7x10^ V 



iSYrai/j iL/ie/gy = — { Stress ) (AYra//j) 



iJuf Slziess = V (S/ra/n) 
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Example (1): A HO Kg mass is bung on a steel wire having 18m long and 
3 mm diameter ; What is the elongation of the wire } knowing Youngs modulus for 
Steel is 21 x 10'" N/m 2 ? jIjljusIo j&j3 o jh3 $ 18 JULj ^3 ljj iic §£ 80 aLS 

JJUhJI 

m—80 kg L,~ 18 m 



2r=3 mm— 0.003m r~0X)01 5m Y~ 21 x / 0 : 0 A / m 2 



Y= 



F/A 



Young's modulus is given by K, so the elongation is 
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Example (2) 



A piece of copper originally 305 mm long is pulled in tension with a 
stress of 

276 MPa, If the deformation is entirely elastic, what will be the resultant 
elongation? 



a 

s 



E = - 
AL _ 

k = 

AL = 



a 

£ = — 
E 



a 
E 

276 MO 6 *305 *10 



AL = 



oL 



.3 



= 0,76* I O’ 3 m =0,76 mm 



11*10 



10 



Prof. Dr. Moistafa Tawfik AM Ahmed, 
Moustf_l@aol.com 



a 



Example f3) 

A telephone wire 120 m long and 2.2 mm in diameter is stretched by a 
force of 380 N. What is the longitudinal stress? If the length after stretching 

is 120-10 m, what is the longitudinal strain? Determine Young’s modulus for 
the wire? 

A = nr 2 = 3,14* (1.1*10‘ 3 ] 2 = 3.8 * 10' 6 m 2 



F 3R0 

a = — = = 100*10" N/m J = 100 MPa 

A 3.8*10" 

AL = 120.1-120 =0.1 m 

b = — = — =8.33*1 O' 4 

L 120 
□ 

Y = — = 10 °* 1Qi 4 = 12*10 l0 N/m* = 12*I0 4 MPa 
£ 8.33 *10 4 
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Example 

In a large lecture halL a pendulum is to be made by suspending a 40 Kg 
ball from the end of a steel wire 1 5 m long. 

a) What cross sectional area should the wire have if the applied strength 
in it is to be only 10% of its breaking strength? 

b) How far will the ball stretch the wire ? 

(Breaking stress = 0.48*1 0 2 N/m 2 , E g = 200*1 Q 9 
N/m 2 ) 



F = mg =40*9.8 =392 AT 



CJ = 



10 

Too 



* 0.48 *10* = 48*10" N/m 2 



F 392 
u “ a 48*10* 



= 8.17* IQ' 6 m 2 



Y = — 



AL 

L 



£ = 



a 

Y 



C3 

Y 

AL = ^ 



Y 



48*10**15 * 

AL = — = 3.6*10'" m =3.6 mm 



200 * L 0 
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Examples) 



A load of 102 kg is supported by a wire ol'lcuglli 2 tn and cross sectional area 0.1 



in - 1 02 kg L - 2 rn 



A = 0.1 



cur 



Al. - 0.22 cm 



Tensile Stress ($)=-= 



F mg 102+9.8 = 5 N/ ; 



A A O.IMO" 4 



AL 0?2 

Tensile Strain (6) =— =— 11*10“ 

L 2*100 




999.6 * 1 O' 
11 * 10 ^ 



* 10’ N/it T 
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Example 

A structure steel rod has a radius R of 9.o min and a length L of 81 cin. 
A force F of 6.2 * 10 4 X stretches it axially. (Faieei = 2 * 10 11 N/m 2 ) 



(a) What is the stress in the rod ? 

(b) What is the elongation of the rod under this load 'f 

(c) \\ hat is the strain ? 

Radius - 9.5 mm L = 81 cm F = 6.2 * 10* _N 



F F 

Tensile Stress (cr) — — — 



6.2* I cr 



A nr 2 7i {9.5*1 0’ 5 ) ! 



= 2.19*10“ N/m 



Tensile Strain (e) = 



AL 



E = — 



AL = a * L„ = — * L„ = 2,19 * ™ 
“ Y ° 2*10" 



* B1 * 10 _i = 8.86 * 10' 



tTL 



& 2.19 * 1 0^ 

Tensile Strain (£) = — = — = l.l * 10 J 

Y 2 * 1 0 1 1 
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Example (2): What is the pressure due to water at a depth of 7.5 Km below sea level ? The water 
density qw - 1.025 x 1(7 Kg j ni . 




P = 



iSfrjuuJUB uaJ fiS 7.5 ljJc Jaafidl uLgos- ujlbuJI 

P 0 + p g h 

= 1.013 x 10 5 + 1.025 x 10* x 9.8 x 7.5 x 10 s 
= 7.53 x Kf N In? - 75.3 MPa 



Example (3): What is the pressure at a point 2000m high above sea level assuming that the 
density of air is approximately constant and - 1.22 fg / if ? 




P = 



jjuJI slhj \£$jluxb jjuo 2000 gUu^j JclbaoJI uLua?- u^JLbjoJI 

P o Pair § h 

= 1.015 x IQ 5 - 1.22x9.8x2000 
- 7.74 xIO 4 N/ n? 
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Example (4): A simple [ tuk that is open at both ends is partial!): filed with water and oil of density 
460 kg/m ,! is poured into one arm of the tuk, forming a column of height h, as shown in the Figure. 
What h the difference in height h between the 




. . . 1 

yiJ JjjUI Ijiij kJU*A?l .tUijill tfS j^S UJ JtS yjX>AJI UJ>JI \jA 4aa 5 £*£5$ eld 4/ 

ptip LoJI 

Taking a horizontal line at the low level of the water ; the pressure above the horizontal line in thl 
oil branch is p water Po p water § ^2 

Pressure above the horizontal line in the water branch is P oi] pQ~^pGil§h] h 

Since these two pressures are the same P WjJtgr - P dl 

Then } pwater § ^2 poj] § h] P water ^2 _ poil hi 

J 000 x h 2 = 460 x 6 and so k - 2. 16 cm, h = hi- k = J.24 cm 



u 



pater 




h, 6 



wiilcr with 

oil 
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Example 16) 

A water kse 2 JO cm in diameter is use i by a gardener to fill all) liter bucket. Tlx gardener mites that it 
takes 1.00 win to fill the bucket. What is the water speed in the kusef 

The llow rale = (30 x 1 000 cm') / ( 1 x 60 s) = 500 cm 3 
v- (flow rale / A = 500 cm' ) / (ir 1.25") = 102 cm/s = 1 .02 m/s 
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Example (7): A pipe has a diameter of 1 6 cm at point 1 (P } - 200 KPaj and 10 cm at point 2 that is 
6 m higher than portion /. When oil of density 800 kg! m flows in this pipe at a rate of 0.03 nf /s. 




toJLc 2 4bjuJI juc pjjj 10 3 1 ^JoaJI juc JlLuor 200 lgJnfl<c£ pm } 16 lA,jJh5 ( 800 «usL^J uuj L$j >cu 

?2 JU£ JoaoJI 'Uib J£J 1 j p 0.03 u iSjjm ujji I ub 

Ai Vj = A 2 V 2 =0.03 , then 



V[ = 0.03 / JI (0.08) 2 = 1 .49 ml s v 2 = 0.03 / it (0.05) 2 = 3.82 m/s 



From Bernoulli's Equation 

Pi + Vi p v, 2 + p g yi = Pi + 34 p v 2 2 + p g y 2 



P 2 = P 1 + 1 /ip(v, 2 -v 2 2 ) + pg(y ] -y 2 ) 

= 2 x 10 s + !4 800 {(1.49) 2 - (3.82) 2 } + 800 x9.8 x6 
= 1.48 xlO 5 Pa. 
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sectional area of 1cm 2 . At what rate is water lost 



from the tank if the water level in the tank is 4m 
above the opening? 

Solution 

Area A= lar? = I0' 4 ir. 1 and height h = 4m 
The flow rate at the opening (R ) 

R= Ayj2gh = (jfT* m 2 2(9. Hm / = S.S5 x 10~ 4 nr / $ 

Prof. Dr. Moistafa Tawfik Ali Ahmed, 

Moustf_l@aol.com 





Prof. Dr. Moistafa Tawfik Ali Ahmed, 
Moustf_l@aol.com 



